Rapid lineage-specific diversification of the mast cell chymase locus during mammalian evolution.
Serine proteases constitute the major protein granule content of cells of several hematopoietic cell lineages. A subgroup of these proteases, including the mast cell chymases, neutrophil cathepsin G, and T cell granzymes B to F and N, are in all investigated mammals encoded in one locus, the chymase locus. It is interesting to note that this locus has diversified greatly during the last 95 Myr of mammalian evolution. This divergence is exemplified by the presence of Mcpt8-related genes and multiple beta-chymases in the mouse and rat, which lack direct counterparts in primates and in seven functional granzyme genes in the mouse where the human locus has only two. To study the expansion of the locus during rodent evolution and to better understand the evolutionary origin of beta-chymases and the Mcpt8-family, we have performed a detailed analysis of the chymase locus of four mammalian species, i.e., human, dog, mouse, and rat. As a result, we report here a second chymase-like gene in dog, Cma2, which clusters with beta-chymases in phylogenetic analyses. This finding supports a duplication of the common ancestor for alpha- and beta-chymases before the major radiation of placental mammals, and a loss of the ancestral beta-chymase gene sometime during primate evolution. Moreover, we show that in the rat, the Mcpt8-family diversified relatively recently together with sequences related to the beta-chymase Mcpt2. Eight novel genes were identified in the duplication region, four of which are predicted to be functional. Duplications of rat granzyme B- and C-like sequences occurred seemingly independently within a similar time frame, but did not give rise to functional genes. Due to the duplications in rat and deletions in the carnivore/primate lineage, the rat chymase locus is approximately 15 and 9 times larger than its counterparts in dog and human, respectively. These findings illustrate the importance of gene duplications in conferring rapid changes in mammalian genomes.